Objectives-To explore the association between liver stiffness and the Child-Pugh classification of liver function by shear wave elastography (SWE).
L
iver cirrhosis is an end-stage liver disease characterized by pathologic fibrosis and regenerative nodules with resultant liver dysfunction. 1 Cirrhosis and its complications represent the 12th cause of the death in the United Stated and the fifth cause of death among adults aged 45 to 54 years. 2 In Europe, mortality from cirrhosis varies from 9.7 to 43.5 per 100,000 men and from 5.6 to 16.7 per 100,000 women. 3 In China, the incidence of liver cirrhosis is 37.9 per 100,000 men per year and 14.2 per 100,000 women per year. 4 In the United States and Europe, alcohol and the hepatitis C virus are the most common causes, whereas the hepatitis B virus is the most common cause in China. 5, 6 To evaluate chronic liver disease, the Child-Pugh score, which includes 5 clinical indicators of liver disease (including serum total bilirubin [TBil] , albumin [ALB] , prothrombin time [PT] , ascites, and hepatic encephalopathy) was adopted. 7 It plays an important role in the determination of the prognosis and treatment plan as well as the drug effect. 1, 8 Real-time shear wave elastography (SWE) is a relatively new elastographic technology based on measurement of the shear wave propagation speed induced by acoustic radiation force. It produces real-time 2-dimensional images and allows the measurement of the shear wave speed or Young modulus, which represents tissue stiffness. 9 A recent review showed that the various SWE technologies are appropriate for determining liver fibrosis. 10 Moreover, a few studies showed that liver stiffness on SWE adequately reflected the degree of liver fibrosis in patients with chronic hepatitis C, and it had a good performance compared with transient elastography, which showed that liver stiffness was associated with the Child-Pugh score. [11] [12] [13] However, as far as we know, there are no data available for SWE.
Therefore, the aim of this study was to explore the association between liver stiffness measured by SWE and liver function according to the Child-Pugh score to provide a new method for the noninvasive evaluation of liver function in patients with cirrhosis.
Materials and Methods

Study Design and Patients
This work was a prospective study of patients with cirrhosis admitted to the Infectious Disease Hospital of Qinghai from October 2014 to March 2015. Patients with a diagnosis of liver cirrhosis from the medical history, clinical manifestations, biochemical examination, ultrasound (US), and computed tomography, according to the 2000 criteria of the Chinese Medical Association, were enrolled in this study. 14 Patients with conditions that could substantially influence the measurements of liver stiffness were excluded: (1) alanine aminotransferase (ALT) level greater than 3 times the upper limits of normal; (2) cholestasis, as defined by dilatation of bile ducts on US imaging; (3) liver congestion due to right-sided heart failure or pulmonary hypertension; (4) human immunodeficiency virus infection; (5) liver cancer or a space-occupying lesion; (6) history of liver transplantation; and (7) pregnant women.
This study was approved by the Ethical Committee of the Infectious Disease Hospital of Qinghai. Written informed consent was obtained from each patient.
Child-Pugh Score
The Child-Pugh score was determined as previously published 7 : hepatic encephalopathy, none (1 point), grades I and II (2 points), or grades III and IV (3 points); ascites, none (1 point), mild (2 points), or moderate/severe (3 points); TBil, less than 34 lmol/L (1 point), 34 to 51 lmol/L (2 points), or greater than 51 lmol/L (3 points); ALB, greater than 35 g/L (1 point), 28 to 35 g/L (2 points), or less than 28 g/L (3 points); and PT, less than 4 seconds (1 point), 4 to 6 seconds (2 points), or greater than 6 seconds (3 points). The total scores were used to determine the Child-Pugh grade: grade A (5-6 points), grade B (7-9 points), or grade C (10-15 points). All patients enrolled in the study were divided into groups A, B, and C, consistent with the Child-Pugh grade classifications.
Biochemical Analysis
Albumin, globulin (GLB), cholinesterase (ChE), ALT, aspartate aminotransferase (AST), PT, and TBil were measured from fasting venous blood by an ADVIA2400 automatic biochemical analyzer (Siemens AG, Erlangen, Germany). All reagents were purchased from Ningbo Medical System Biotechnology Co, Ltd (Shenzhen, China) and Shanghai Huachen Biological Reagents Co, Ltd (Shanghai, China).
Liver Stiffness
All SWE measurements were performed by the same experienced radiologist, who specialized in US. Liver stiffness was tested with an Aixplorer color Doppler US device (SuperSonic Imagine, Aix-en-Provence, France) using a convex array transducer with a frequency of 1 to 6 MHz. The patient was in the supine position with the right arm up. The transducer was placed over the right intercostal spaces above the anterolateral part of the right liver lobe to obtain optimal tomographic crosssectional grayscale images without artifacts. The patient was asked to hold his or her breath for 3 to 5 seconds during SWE image acquisition. A sector region of interest in the system was placed in the liver parenchyma located 1 cm below the right liver capsule, avoiding liver vessels for SWE image acquisition, until greater than 90% of the region of interest was covered by the color map and the image was stable. Subsequently, a 2 3 2-cm circular region of interest was set to obtain the mean elasticity value in kilopascals. Shear wave elastographic measurements for each patient were performed 5 times to obtain 5 mean elasticity values for further analysis. Only patients with a coefficient of variation (standard deviation/mean of measurements) of less than 0.3 for liver stiffness values were included in the further analysis.
Color Doppler Examination
A color Doppler examination was performed at the same time with the same US device. The internal diameter of the hepatic portal vein (measured at the main portal vein) and splenic vein (measured at the hilum of the spleen) and thickness and length of the spleen were obtained.
Statistical Analysis
The normality of the distribution was evaluated by the Shapiro-Wilk test. Continuous variables are presented as mean 6 standard deviation if they had a normal distribution. Date were analyzed by a univariate analysis of variance with the post hoe least significant difference test or the nonparametric Wilcoxon rank sum test as appropriate. Categorical variables are presented as frequencies and percentages and were analyzed by the Pearson v 2 or Fisher exact analysis. The area under the curve (AUC) from a receiver operating characteristic curve analysis of liver stiffness, quantitative US parameters, and serum biochemical indicators for predicating the Child-Pugh classification were calculated. Areas under the curve were compared by the method of DeLong et al. 15 SPSS version 19.0 software (IBM Corporation, Armonk, NY) and MedCalc version 15.6 software (MedCalc, Mariakerke, Belgium) were used for the analysis. Two-sided P < .05 was considered statistically significant. Table 1 shows the characteristics of all patients. A total of 116 patients with liver cirrhosis were recruited, including 91 with hepatitis B, 13 with hepatitis C, 8 with alcoholic liver disease, and 4 with autoimmune hepatitis. There were 86 men and 30 women, aged 44.9 6 11.1 years (range, 16-72 years). Two patients were excluded because of failed SWE resulting from obesity (weight > 90 kg) and too much gastrointestinal gas, respectively. The disease duration increased with the Child-Pugh classification, as well as other complications such as ascites, gastrointestinal bleeding, primary peritonitis, and electrolyte imbalance (all P < .05). The rate of a positive family history of liver cirrhosis increased with the Child-Pugh classification (P 5 .006). Table 2 shows the comparisons of the Child-Pugh classification, liver stiffness, and conventional US measurements. There were significant differences in liver stiffness, the internal diameter of the hepatic portal vein, the internal diameter of the splenic vein, and the thickness and length of the spleen among groups A, B, and C (P < .05), except for the internal diameter of hepatic portal vein between groups B and C (P > .05) and the thickness of the spleen, length of the spleen, and splenic vein diameter between groups A and B (P > .05).
Results
Characteristics of Patients
Child-Pugh Classification and US Measurements
Child-Pugh Classification and Biochemical Indicators Table 3 shows the comparisons of the Child-Pugh classification and biochemical indicators. There were differences in ALB, TBil, PT, and ChE values among the 3 groups, except for PT, TBil, and ChE between groups B and C (P > .05).
Diagnostic Performance of Liver Stiffness, US Measurements, and Biochemical Indicators SWE was 0.893 (95% confidence interval, 0.802-0.952), which was significantly higher than those of GLB, ALT, and AST levels, portal vein diameter, and splenic vein diameter (P < .05 for all). The ALB level showed the highest AUC; however, no significant differences were found among ALB, PT, and TBil and liver stiffness (P > .05 for all).
Discussion
The association between liver stiffness on SWE and the Child-Pugh classification is presently unknown. Therefore, the objective of this study was to explore the association between liver stiffness measured by SWE and the Child-Pugh classification of liver function. Results showed that liver stiffness measured by SWE and the Child-Pugh classification were correlated; therefore, liver stiffness may be able to help evaluate liver function in patients with cirrhosis. The Child-Pugh classification is a commonly used tool for comprehensive evaluations of liver function, liver parenchymal damage, and the prognosis. However, the evaluation of ascites and hepatic encephalopathy are vulnerable to the influence of subjective factors.
With the additional advantages, including noninvasiveness, absence of radiation, high reproducibility, and cost-effectiveness, US has been the preferred imaging modality for follow-up of patients with chronic liver diseases. Jiang et al 16 reported that as the Child-Pugh grade increased, the internal diameters of the hepatic portal and splenic veins also increased, but the correlation was not statistically significant. The results of our study show that conventional US measurements (splenic vein diameter, spleen thickness, and spleen length) were significantly different among the 3 groups and correlated with the Child-Pugh classification. Nevertheless, the thickness and length of the spleen and splenic vein diameter were not different between groups A and B, whereas the portal vein diameter was not different between groups B and C, stressing the idea that these indicators alone are probably not sufficient for monitoring the development and progression of liver fibrosis. In group B, 6 patients had a normal portal vein diameter (2 of them had an open umbilical vein, and 2 others had gastric coronary vein expansion). In group C, 12 patients had a normal portal vein diameter (6 of them had an open umbilical vein, and 2 others had gastric coronary vein expansion). Therefore, it was possible that the low AUC of the portal .013
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Child Therefore, novel imaging modalities that can evaluate the severity of liver diseases objectively and accurately may be needed. Several studies showed that SWE adequately reflected the degree of liver fibrosis with high reproducibility, and it was minimally influenced by ascites and operator experience. [10] [11] [12] Furthermore, assessment of liver fibrosis by SWE was similar to that by transient elastography, which was associated with the Child-Pugh score. 13 In this study, SWE was used to assess liver stiffness and analyze its correlation with the Child-Pugh classification, and the results revealed a strong association between them. Cutoff values used to discriminate Child-Pugh grades showed good sensitivity and specificity. Indeed, in group C, the liver stiffness value was 26.7 6 7.8 kPa, about 3 to 5 times higher than that of normal liver (<6.5 kPa), which was concordant with previous studies. [10] [11] [12] [13] 17 In addition to the biochemical indicators that are already included in the Child-Pugh classification (TBil, ALB, and PT), this study also examined ChE, GLB, ALT, and AST. Serum ChE and ALB are synthesized in the liver, and both of can reflect the function of the liver. Cholinesterase levels are not affected by nutrition and bilirubin levels, and they sensitively and specifically reflect liver function. 18 In addition, ALB levels can reflect the degree of liver pathologic changes. 1, 18 In this study, ALB, ChE, TBil, and PT values significantly different among the 3 groups, which is consistent with the previous studies. Albumin was a better parameter when discriminating Child-Pugh grades A versus B and A versus C, whereas when discriminating group B versus C, liver stiffness was a better parameter. Albumin and liver stiffness were good parameters for evaluating liver function in this study. The results were consistent with previous studies. 13, 17, 18 There were some limitations to this study. First, the sample size was relatively small, and all cases were from a single center. In addition, no control group was included. Also, the etiology of liver cirrhosis and comorbidities/complications such as obesity and ascites were not analyzed individually, which might have influenced the SWE measurements. Additional studies are necessary to confirm these findings and to validate the liver stiffness cutoff values for the prediction of the ChildPugh classification.
In summary, liver stiffness measured by SWE is correlated with the Child-Pugh classification, and it may be able to help evaluate liver function in patients with cirrhosis.
